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DESCRIPnON 

UGOT-EMrrnNG device comprising an eu(ii)- activated phosphor 

FIELD OF INVENnON 

The jnventioa zdates to a light emittiDg device con^pming a li^ emitdng structure capable of 
5 emitting primary light of a wavelengtb, less then 4 80 urn, and a himinescent scteea con^rising 
an Eu(I[ hactLvated phosphor for genemtion of speci&) cobred lighfii including ^vfaite lights by 
hinunesoqat down oonvecsion of the primary li^t into semn Any Kght and additive cdor 
mixing of secondazy fightorprimaiy and secondary Hg^ Jhx&rsibfy Kglit.. ^nfiffting 4<ym'<^ 
conoprises ali^ emitting diode fixr a lig^ emittizig structure and a luininesoent screeti 
10 conqajsing an BuQQ-activated phosphor or a combinadoa such phosphor witii various dth^ 
phosphors described as a phosphor blend. Jn particular, the Ugjit-emittmg device en^Ioys a 
blue LED and a mixture of red and green phosphors for the production of white lighiL 

In ^ disclosure, a phosphor blend is defined as any combination of two or more 
15 photohnninescent material^ the ou^ut of which, in combination wito the emission of the H^t 
emitting diode, is ccpable of pmducing colored emission induding white emission widi a bi^ 
colcnrrraidering index value or specific bread band or multtband ^ni^onwittt defined color 
coordinales. 

20 The phosphor or pho^hc^ blend absorbs completely of partly the primary li^ emitted by Oie 
Ijgbt- emitting diode and miits a secoodary li^ of waveleagOis'fai^ier than that one of die 
primaiy Eg^ Ihephosidiors cocppxise at least a pbotoluminescent material activated with 
«iropium(n) and coniaining at least one element selected fix)m the group M=Sr, Ba, 
lAg^ 2^ in an inorgamc host lattice. 
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BACKGROUND OF THE INVENTION 

mro is an ongoing need to generate new phosphor compositions to inpove effidency and 
color quality in li^ emittiog devices, paiticulady in &e producdon of white fight Phosphors 
ate Imninescentinaferials djat can absorb an excitation energy (usuaDy radiation energy) and 
5 stoie this energy for a period of time. The stored eneigy is fhea emitted as radiation of a 

dBfibrent eneigy ihan the iniiial excitation energy. For example, "dovm-conversion" refers to a . 
situatian where the emitted radiatiflin has less cpjanHim eneigy than ihe initial exdiation 
tadiatioiL Thus, the eoiBigy yrawlengm eflfectivety inc3Base% 

"Stdces diiflf. "Up-convasion'' refers to a situation where M emitted radiatian has grealer 
10 i jpnh™ Bneigy flan fee eatdteitoa radiation C Anti-Stokes diift"). 

Improvements in efficiency and color quaUty in phosphor-based devices aie constanay bang 
developed "Effidency" relates to the fiaction of photons emitted with respect to a roiBiber of 
photons initially provided as excitation energy, Ineffident cooveision results vdien at least a 
15 portion of the energy is consmned by non-radiative processes. CJolor "quality" can be 
measured by a number of diffeient zatiDg systems. "Chiomaiioity" defines color by hue and 
saiuratioa. "C3E" is a dtotmatidly ooatdinate system developed by CommissiOQ Memationale 
de l-EdaiiagB (totemational commissimoninuoMnatioiO. The 

ace coordinates fliat define a color in "1931 CBE" color space. These coordinates are defined 
20 asx,y,2andareiattosofd)elhreeslaiuiaidprfaiatycdca%X,y,Z(tristimi^ 

rr H'^tifyn ^it^.<Mnt^ibB three jristinmhis vahies. A OB cbait contains aptot of thex, y and z 
ratios of the tristimuhis vahies vasus tosum, Itt the situatim 
x,y,zaddto 1, typically, a two-dimendonalcaE(x,y) plot is ijsed. 

25 White-like colois can be described by a "correlated color temperature" (CCT). For example 
-whm a meial is heated, a lesultine light is emitted which initially glows as a red color. As the 
metal is heated to inoeashigbr bitter text^oxAues, die emitt^ 

CTiftf h» gi«tittig diiffiTig to whitB Hgbt and ullimatelv to a blttsb-vwiute 

light. A Q'ston was developed to dflmninB ftese color dianges on a standard object known 
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as a blacIAod/ radiator. Depeading on the ten^etatate, fhe blackbody ladiator will emit 
white-like ladialion. The color of ttiis white-like radiation can then be desoibed in the CSE 
chtomaticiiy chait. Thus, the conelated color teiz^eratuxe of a Ught somce to be evaluated is 
die temperatuis at wtaidi fhe bladdioc^ radiator produces fiie chxoznaticity most similar to that 
5 of the light source. Color tenaypecature and OCT are easp^wed in d^gtees Kelvin. 

A "color rradedxig index*' (CRI) is established by a visual ^Q^edment The condated color 
temperatore of a light source to be evaluated is detennined. Then eight standard color san:q)les 
are ilhmunated £ust by the li^ source and then by a light fiom a blackbody having the same 
10 color tempeiature. If a standard color sample do^ not change color, then ^ light source has 
a theoteticaUy perfect spe(^ CRI vah^ of 100. A general color rende 
"JU*V which is an average of the CRb of all eight standard colc»r samples. 

Older white lamps involved emisaion of lig^ over a broad waveleogBi range, It was fiien 
15 discovered tbat a mixtme of two w three different light colors could sbuulate a wfaite^Bke 
color, where each emission cooqirised a relatively narrow wavel^tgthrange. These Impn 
affisrded more control to manqnilate the white colc»: because emissive properties (emission 
en^gy and intm^) of tiie individual red, gceenandbhie li^ sources can be individually 
tailored This method Onis provided &e possilnU^ of aehieving improved color rendering 
20 properties. 

An example of a two-color laxzip compxises one phosphor and light emitting structure capable 
of emitting primary li^ of a wavelengdi, less then 480 ma light emitted by the phosphor 
combines wifli unabsotbed li^ fiom fhe Hgbt e rpft fi^i g structure to produce a ^(Aiite-Iike color, 
25 Further improvements in fluorescent lamps hxvolved three dilBferent light colors (i.e. a tri-color 
lanqp) resulting in white light at higher effidendes. One es^n^le of a td-color laaq> imrdved 
hhi^ red and green light-emitting phosphors. Other previous tri-color lamps comprised a 
combination of Ugbt fiom two phosphcra (a green and red phosphor) and unabsozbed U^t 
fiom a mercury plasma excitation source. 
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Previous tiircolor lamps involving a insrcury plaama excitation source, however, suffer many 
disadvantages including: (1) a need for high voltages which can result in gaseous discharge 
wifli eneigctic ions; (2) emission of higbr enetgy UV quanta; and (3) cojiespondingbr low 
Ii&times. TbuSi there is an ongoing need for devices that oveicome tibese deficiencies. 

5 

WO 01^229 discloses to a tci-oolor hasp ^ gmieiatxDg white lij^ Ihpaidcular, 
WO 0 1/24229 relates to a phosphor mixtore comprising two phosphors having host sulfide 
mftfAriftifi that can ^orb radiation emitted by a li^ emitting diode» paxdculaxly a bhie LED. 
This arrangement provide® a mixing of three light sources -light emitted fma the two rare 
10 earth iori, to aUow notching oflhe phosphors in relation Power 
fractions of each of the light sources can be varied to achieve good color rendering. WO 
01/24229 also relates to an alternative to a green LED comprising a stogie green phosphor 
that absorbs radiation from a blue LED. A resulting device provides gx&x Kght of hi^ 
sibscBptioa efficiency and lununous equival^ values. 

15 

^ llieieiernains a GontirmedchaUenge to uncover pho^ 
compositions to provide irtproved properti^, jnclndrng improved efladency» color rendeEmg 
(e.g. as measoted by higfh color rendering indices) and hmunance (intensity), partiGUlariy in a 
trtooka^ wfaxte haaap. 

20 

A reduction in the lumixiance of a phosphor occurs when it is operated at an elevated 
temperature. Such reduction of luminance at elevated temperatures is referred to as tbennal 
qiienching. Normally, dsennal quenching is considered witfain the context of a configuration 
coordinate diagram and is attributed to a de^ai^ising radiative lecombination efficiency of the 
25 phosptyw flie photpn density increases widi inoreasmg tenycrature. Thus, tttennal 
quenching is due to an optical effect assodated widi the temp^Bture dependexice of the 
ladialive recombination effidency. 
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It has been obsecved that photohsnmescent phosphor confounds have ohaxactenstic xanges 
of himioescent quenching teoipeEatnrBS. That is, v/bm &e phosphor is e»dted into 
hizninescenoe as fcnr example by subjecting the fiame to xadialion from a somte of ultiaviolet 
lig^ ftie inieiisij^ of the lunoiiaesoe^ 
5 phQS{dior is xaised through a spedfied raage of temperatures. For example, the compound 
2^80 Gd^O S; AgCl\viU graduaUy quench fiom bright gieei^ to dull green, to green gray, to 
gray, to blacky as the tempaature is increased from 95 ^'C to 105 The traiperature ranges 
of the confounds provided by the afore described basic phosphor system are found to be 
detennined by the compositlQn of their aiuonic component Phoqihor coxz^Knmds may be 
1 0 therefore made to have dififetent quenching ten^erature rapges as well as di£ferent color 
chazacteristics. The themtial quenching at hig^herten^esatuz^ ia 
particular at higrh clap teo^eratuies. Therefore it is desizable to replace sulfide phosphors by 
nog -sulfide phosphors xviSi a h^er thermal q iienft^i{ T |g tf rn p fmlUfft 

15 SUMMARY OF THE INVENTION 

One aspect of flie presmt inventioii provides a ligjit emitting device comprising a light emitting 
capable emitting apattem of primary light of a first wavel^gfh less then 480 nm. The device 
forlher comprises a luminescent screen comprising a phosphor or a phosphor blend 
comprising a phosphor of general fomida 

20 (Sr,^CabBaoMgiZt\,)SicNyO^£u^ wherein 0.002 ^ a £ 0,2, 0.0 S b S 0^5. 0.0 S c S 0.25, 
0.0 S d S 0.25, 0.0 5 e £ 0,25, 1.5 Sx < 2.5, 1.5 S y S 2.5 and l.S < z < 2.5. 

Such a device shows high efficiency, particulariy at operating terr^erature above 200<>C, 
because of tihe hig^ quenchix^ tempaature of sudh a phosphor. FurOiermore such li^it- 
25 enutting device oflfeis the following advantages: 

a) IB^ chemical stahiliiy of iumjoesoept corgposition 

b) iShcnt decay time rejndtxng in little saturation 
o) Very low thermal quenchir^ ftf ^mfogirtTi 

6) Very high Imnen equivalent 
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Ptefetabfy ^ invailion provide a Kgjit-eraitting device yAi^WL fbo llgbt emitttog sbuciuiB is 
capable of emitting primary li^ of a wavelength ftom 450 to 480 nm in the blue qjectral 
5 tan^. 

fa p»ticdar, tf» invenliim provides a Ugh 
is a Uue emitlintg LB>. 

10 EspecMy.whmihephDsphorlsoon^irisedinatliinlBmli^ 
of the phosphor is of advantage. 

Anoflier aspect of Ab present invention provides a light emitting device con^irising a H^t 
emitdng stnicture capable of emitting primary Ifeht o a waveUogdi less then 4S0 nm and a 

15 irni^Vies Bent iaaneen ft filst gieen phosphor and a second red phosphcg. The first greoi 
phosphor has fee general fhmnila CSrj*bCabBaeMSjZn„)S^,NyOt-£it, wherem 0.002 < a S 
0.2, 0.0 5 b 5 0.25, 0.0 S c 5 0.25, 0.0 S d S 0.25, 0.0 S e S 0,25. 1.5 < x S 2.5, 1.5 S y S 
2.5 and 1 .5 < z < 2 J. The second led phosphor may be selected fiom flie groiq» of (Sri.,. 
' yBakCay)S:Ba wheieia 0£7C<1 and 0£y<l; CaS:Ce,Ca; 

20 LfeSrSOv^u; (Sii^^^Si04:EuwijeieBiQ2x<l: (Xi<^3dMMt^)fiu:CovibetaD. 
0<x<l and 0£y<l and(Sr,*yBaxCay)2ai5N8fliwhHeinOai<l and («y<. The emission 
spectrum of such aphosphot composition has tiie ^ppropriatB Twvelengflis to obtain togefea 
wiib tte btae Ught of ti» I£D a hii& quaUly white li^ with good color 

xequired color tempeiature. 



25 



In jffl«tr, ^ifn- faventinn iriates In a lanapu sach as a low pressure mercury discharge lang>. a 
high pressure mercury disclatse Ian9. a solfiir disdiaige 1^ 
lanqt and a white li^it LED lan^. 
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The invention also lelates to a luminescent screen compnsing a phosphor of general fi>mmla 
(Sri^CabBacM&ZncDSiNyOaSPfl, wherein 0.002 S a S 0^, 0,0 S b S 0.25, 0.0 < o S 0.25, 
0.0 £ d ^ 0.25, 0.0 £ e £ 0.25, 1.5 £ x < 2.5, 1.5 < y £ 2.5 and 1.5 < z < 2.5. 

5 Sudiluininesoent screen is usefid in alowpiBSsinemeroiity disdsaxge laiiy>, a highpressaoe 
mexcuxy dischaigp lan^ a sulfixr discharge lan^, aniolecolariadiator disdiaige lamp and a 

while HgfttTJg^ Tamp 

Another aspect of the present invention provides a phasphac composition comprising a 
10 pho^hor of geneml formijla (Sri^CabBa<Mga2^)SUNy02£Ut, wherein 0.002 :< a ^ 0.2, 

0. 0 < b S 0.25, 0,0 S 0 S 0.25. 0.0 S d £ 0.25, 0.0 < e < 0.25, 1.5 S x S 2.5, 1.5 S y < 2.5 
and 1 .5 < 2: < 2.5 and comprising as a host lattice an alkaline eardi oxynitridosilicate lattice 
and divaleist euiopxmn as a decant A phds^tbor of genoal formula (Sri^ 

1, CabBa<MgiZnd)Si,;NyOz£iJB, wherein 0.002 S a ^ 0.2, 0.0 £ b £ 025, 0.0 ^ c £ 0.25, 0.0 £ 
15 d £ 0.25, 0.0 £ e £ 0.25, 1 .5 £ x £ 2.5, 1 .5 £ y S 2.5 and 1 ,5 < z < 2.5 absorbs photons 

effidemity, e^peciallty photons of a bbxe LED cqpeiatiDg at 450 nm and shows higji qoanlum 
effidency upon exdtation of sodi wavdengdi. Such phosphor shows high quenchirig 
teir^eiatnxeofTQ 50 at 275^C The phosphor comprises as a host m * 
oxynitridosilicate lattioe and divalent europium as a dopant and die phosphor or pboi^bcv 
20 blend is positioned in the Kgbt pattern. 

Odi^ advantage?, novel featnres, and objects of the invention vnH become apparent fiom the 
. following detailed desaription of the inveafioa wh^ considered in conjiinction widi ttie 
acsoompanying drawings, which are sdiematic and wfaicb axe not intended to be drawn to 
25 scale, In Ifae eadi i&ndcal or nearly identical compon^ that is illustrated in various 
figures is ispresated by a single numeiral. Fot the purposes of clarity, not every component is 
labded in every figure, nor is eveiy component of each embodiment of the inveniion shown 
where illustration is not necessary to allow those of ordinary sidll in the art to understand the 
mvention. 
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BRJQEP DESCRIPTION OF THE DRAWINGS 

HG. Ishowsaschematioviewofatri-color I£D Imp comprising a w^-phoqphorxnix^ 
of (Sri^bCabBacM&ia3B)SvNyOzdB«k, wherein 0.002 S a S 0,2, 0.0 S b S 0.25, 0.0 < o < 
0.25, 0.0 5 d < 0,25, 0.0 5 e S 0.25, 1.5 ^ x < 2.5, 1,5 S y S 2.5 and 1.5 < z <: 2.5 and 
5 Sr2Si^8Bi positioned in a pathway of lij^ etmtted by an LED structure. 



no, 2 discloses the X-tay diffiaction diagjcam of Sra.96StiN2Ozf1is.04. 

FIG. 3 disdoses an oveday of emissiQn and exdtation spedmin of Squ)5SbNaO2£ua.04 vpon 
10 excitadonbyahh]eLEDat460nm. 

FIG. 4 discloses the thennal qu^hing of &e photcduminesceace of Sro^6S^202£EilD.o4 
monitoted under 430 nm excitation and 

1 5 Hg. 5 discloses a sinmlalion of spectra of a mixture Sro.96SfeN202:Euo.o4 ^ CaSrEu upon 
emtation by a bkie LED at 430 om at difFer^ color tempezatuies. 

DETAILED DESCRIPTION 
Ihe JnvecdtkinielalBs, inparttofhe d^ 
20 gieea and red phosphors excitable by a common light flitting stcuctuce can achieve wiiite lig^ 
at higher effidencies witib sup^or color rending over previous fiuoiesceDt lamps and are not 
apt to substantial quendiing at operating terx^erature above 200 and up to 27S^C. 

An advantageous featqje of tiie present invention involves the us© of an LED as a light emitting 
25 structure. An LED has a p*n junction between doped semiconductor.regions. 

Upon ^plication of a cunenf^ ifaere can €»dst sufiBdeot energy to allow dectroos and holes to 
cross the p-n juoctiozi such Usat a resultiog reoombmatten of decccons and holes causes 
emission of racSatioiL Advantages of LEDs over othior mdtation raergy sources include small 
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size, low power consumption, long lifetimes and low amounts of themial mergy emitted Jxx 
addition, ISOs have small dimensions tibat albw minmtnrization of devices. 

In one ^nbo dxment, fbe common LED is a blue LED. Tlie use of blue 1^ as an eixcit^iotx 
5 xadiation over other li^t sources has been found to be paiticulai^ advantageous in dmt 
oonveision effidency to visible lig^t is higher. In one enibodimeiit 
^chpho^pbor 19 cqmble of being excited by acommonLED Mdiich emits ladiation at a 
wavelfflgOi fiom about 450 nm to about 480 nm. R bas been found that color rendering 
can decease at excitatton eaer^es below 450 nm whereas absoiption by th& phosphors 
10 decreases at excitation energies greater than 480 nm. An example of a blue T.Tyn ^ 
emits zadiadon in the above-mentioned energy xaniges is a (In,Ga)N diode. 

A blue lig^ souEce can provide inherent advantages over UV exdtation sources in fliat power 
. e fBcigni y is inccMaed for red and gceen phosphors excited by blue Hg^t Hie present 
IS phosphor nfiaterialsgeneially require lesser Stol^ 

devices. For example^ certain trt-color prior art fluor^centla^ rocozporate mercury 
. plasmas, wiiidh provide a W-eniission,oentei»^ 

exdtes bbi^ red and gceen phraphors such that resuhidg ^nission sp ectra show mgarimimi 
intensities at energies of approximately 2.8 eV (unabsorbed light), 23 eV (green) and 2.0 eV 

20 (red) respec&fely. Significant Stokes shifis are obviously involved in this situation. Power 
efficiency, however, is lixxiited by quantum deficit^ which is the difference of tfie quantum 
em^gies of exdiing and emitted quanta. Thus, fiurtfae example described above, power 
efficienQToflhe green liglit is, on average. (4.9 eV-2,3 eV)/4.9eV» 53%. &i contrast, 
green (23 eV) and red {2.0 eV) phosphors excited by a blue LED wifli an emission of about 

25 2.7 e V (-^460 nm) exhibit smalls Stoles shifts and quantum deficits^ and accordin^y power 
efiScienf^ is greater. 

A detailed constnicdonofsucdx light-emitting device is shown 1. 
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HO. 1 shows a schexnatic view of the device of the present inveotkm. the device comprise 
LED 1 . LED 1 is positioned in a reflector cup 2. LED 1 emits li^ in a pattern. A phosphw 
coEdposition 4,5 is positioned in tiie pattern. The phosphor composition is embedded in a i^in 
3. IhtMs e>caa3ple. reflector cup 2 can modify li^palteniif Kgbt is xeflectedinto aspacenot 

5 pr^viousfy cov^ by the initial light pattern (e,g. in the case of a patabolic reflector). It is 
understood that one of ordinazy skill in the art can provide idaector cnp 2 in any shape that 
opdznizes xeflection of Kgbt bade to phosphor composition 4^, or opiawss pc^tioning of 
TRn 1 to provide a light patcem 6^ sSxmxt conversion. For e>cample» the walls of reflector 
• cup 2 can be paxaboHc. 

10 

Those and similar constnictions can be used. 

low pressure itiercury discharge lairqp, a high pressure mercury discharge lamp, a sul&r 
discharge lamp and a molecular radiator discharge. 

1 5 KTwipti^^g y q is given hi more detail to the phosphoxa and phosphor blmds to be used in this 

Phofipbors in general conqnise a host lattice and dopant ions. T^ically» the host material has 
an hu»^nio> iraic lattice stmctore (a "host latdce*^ in which the dopant ion replaces a lattice 

20 ion. The dopant is capable of emittmg fight i^on absorl^ excitation radiation. Ideal dopants 
stron^y absorb excitadon radiation and efiScicnfly convert this energy into anitied radiation. If 
the dopant is a rare eaifli ion, it absorbs and emits radiation vm 4fi4f transitions, i.e. electronic 
transitions involving f orbital energy levels. While ff transitions are quantum-mechanically 
forWdden resulting in wedc emdssicm intensities, it is Imo wn fliat certain rare earth ions, such as 

25 divalent Europium stroo^y absorb radiation through allowed 4&5df transitions (via d- 
orbital/f^ocUialinixing) and cQnseqi:£n£Ly produce hi^ emis^on intensities. 

The ^i"gg?flti.Q of rare earOi dopants, sodi as divalent Europium can b e shifled m energy 
rferftnrfing oa ft» host lattico ux viduch fte dopant ion resides. Thus, ttds a^iect of die invention 
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lies, in pait, ia the discoveiy that certain rare eaitfa dopants dfidenfly donveart blue lig^t to 
visible light when incoipoiated into an aipropiiate host inatsriaL The phosphor accozding to 
tiie invention comprises ahost lattice, which is an earth alkaline oTQ^tddosilicate^ Le. a host 
lattice whu^indtvles an oxjii^ and eailh alkaline metal ions, 

5 • 

The phosphor has the genioal jSanniila iSx\^C^uMs^^S\3^yOziEsh; whezein 0.002 £ a 
S 0^, 0.0 S b S 0,25, 0.0 £ c < 0^5, 0.0 S d S 0.25, 0.0 S e S 0.25. 1.5 S x S 2.5, 1.5 S y 
<25ajidl.5<z<2.5. 

1 0 Piefeiably die amount of dopant pmsent in Ae bost lattice is fiom 0.02 mol % to 20 mol%, 

The n&w host lattices of the oxynifndosilicate type ate thought to be based on a three 
dimensional nettvodc of SiNaO-tetcahedm in which alkaline earOi ions such as calcium, 
strontium, barium, magn^iom and zinc as well as europiumCII) are incorporated. The host 

IS lattice is related to file xefiactoryo^yoQilri 1450°Camix(umofSi 
4- SiOa m a stream of argon containing 5 per deat N2. SI^NzO is related structurally to both SiO^ 
and S^N4. It baa two crystalline fbnn^ bodi wifliphenacite-like strudure^ in which Si has4 
tBtrahedralneig^insandNisbandedto3 Si(S>N, l-74A).lbec9^ . 
SiNiO tetrahedra, which are linked to form a 3*- dimensional fiametworic Puckered hexagonal 

20 * nets consistiisgofequal numbers ofSi and N atoms ate link^ 

complete the tetrahedra around the Si atoms. One half of the Si atoms are linked to the layer 
above and the remainder to the layer bdow. bi tibe resulting structure eveiy 0 atom is 
. connected to 2 Si (as in SiOi), and N and Si are respectively 3- and 4- connected, as in 
SI3N4. 

25 X-ray diffiaction of S]b.96Si^z02£ub4)4 as shown in Fig. 2 is consistent widi the structure of 
SrO.SfaN20 [WH. Zhu et al., J. Mat ScL Lett. 13 (1994) 560] with certain small deviations 
of position and intensity due to dse substitution of smaller divalent metal ions and europium fir 
stroDtmni. 
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Anoffaer advantageous feature of the prssent invedtion isrto provide a phosphor mixture 
esccitable by one conunoD blue eneigy source of a lelatively nanow line widdi emit Ug^t at two 
difieient energy ranges (e,g. red and green). Strategies to provide appropriate phosphors are 
disclosed here. In one embodiment, the dopant is the same in &e first and second phosphor. 
5 Ihe red and green emissions of &6 tv^o phosphors can be tuned by selecting an appropriate 
host matmaL The greoi phosphor is prefeiably Szbjo9£Sli02N2£uo.o4. The red phosphor is 
sdeclBd fixmi Ifae gD3ni]p ccnisistm 
(Sri«.yBaKCay)S:Ea wh^ein Q£x<l and 0:Sy<l; 

CaS:Ce,Cl; MiSr Si04dEu; (Sr,^Cax)Si04:Eu wherein OSc<l; ai^Gd^(A]i.yGay)sOi2:Ce 
10 whexein 0<x<l and 0£y<l and (Sri^.^yBaxCay)2S JsNgiEu whopein Q£x<l and Q^y<l , 

hi tb& ppeiaiiaa of the embodiment of the present invention radiation of &e lig^ etnitdng 
structure excites the phosphors and produces a bright and uniform lumkiescence over the 
entire surface of the hnninesoent screen. 

15 

If the U^toaittmg device offiiepreseiit invention is a vvinte Ugiht such as alow pcessuce 
niercury discharge lan^i^ a hi^ pressure mercmy dis(^^ 

rnolecnkff radiator discharge lamp and a i^vfa^ * 
in that the color rmdedng pmpetties are far superior to those of any previous white lamps. In 
20 one embodiment; die lamp is enable of emittmg radiation ha^;ing a color xmdedx^ index, Ra 
of at least about 60 at a color teo^erature from about 2700 K to about 8000 K, preferably 
an Ita of at least about 70, more preferabty an Ra of at least about SO and even more 
preferably an Ra of at least about 90. In a prefenred embodiment, the lamp generates a CRI» 
Ra of greater than 70 for CCT values of less than 6000 JL 

25 

By varying optical properties of each lig^ enriifting struciiire in the device, the device can be 
designed to have desired chatacieristics dqpen ding on a particular EftpUcation. For ^cample, 
certain devices may be required to generate li^ of We^ intRnsity and on^y adequate cdlor 
reridering is needed, whereas ottier appHca&m xnay require 
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at the e^qpeose of efficieiuy. Altematively, color leudenng oan be sacrificed for hi^ier 
efficiency. ToTexanip\e,^S(MmQi^Gehie&cieacycsB^ 

to about 60. Oumging relative power fiaetions of esdiligU (^vaiy saclipnperti^. 
A "pow» fiaction*' is tin fiactkm of Ggbt fiom each somce lhat {uovides the iinal ligjit eoltt. 
5 PowerfiaclioDscanbevaxiedby,ferc3{an9le,dumg^ 

material preSOlt in tfaa defVice or varying dopant c fmeentnatinn. 

It is undeistood tfiat the phosphor coaposition can comprise more tfaqn two phosphois so 
loqg as optimal color rendering i»x)petties are achieved 

10 

In one (anbodimenii die device finthar conqirises a polymer for eoci^ating the phosphor or 
phoqdMJT blend. Jn this embodinieu^ flie ^gphor or phosphcHr blend sboald evdiiUt W g ^ 
staUli^ pnqieities b tiie QQCiQisuIanL B»&ca^ 
^nifirant li^ scaftanog. In one embodinaevtf, die p^ 

15 ccmsistiDgofepoixy and sihcotttzesins. A variety of pofymos are 

£>r makiag 5 mm LED Umops. Adding the phosphor mhEtme to a liquid tfiat is a polymer 
precursor can perfom encapsoladon. For example, the pho^hor mixture can be a powder. 
Infitoducing phosphor particles into polynwrpBcursor liquid results in fianiation of asluny 
(ie. asuspQjsjonofpaitides). Upon polymerization, Ihe phosphor mixture is fixed rigldty in 

20 place by fee encapsulation. Li one embodiment, bodi ifae composition and ths LED am 
encapsulatBd in die po^Smer, 

Ibe use of ifliospbois with scneral finmula iSTi^C9^BtiMsi^Sl3St^,^Ea,, yi/bst^ 0.002 
S a ^ 0.2. 0.0 S b S 0.25. 0.0 S c S 0.25, 0.0 S d S 0JJ5. 0.0 S e S 0.25. 1.5 Sx < 2.5, 1.5 
25 :Sy ^ 2.5 and 1.5 <2<2.5 is e^eciaQy advantageous if die phosphor can^osUon is appHed 
as aftfafilmcg in a sinaavohimft because fli^ are not sensitive tnhighCTiMHp^ 
result in dim layos due to heat generated by ihe Stokes ^ togeiher widi strong absorption 
and cmsequendy veiy smaU Ught penetration dqpOi 
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phosphoxs in a suitable blender and tbm assign to a liquid guspennon medium or tbe individual 
phosphor or phosphors may be added to a liquid suspension, such as the nitrocellulose/butyl 
acetate binder and solvent solution used in commeicial lacquers. Many other liquids including 
water with a suitable dispo^sant and thidcener or binder such as polyethylene oxide can be 
used. The pho^h^ cantaining composilion is painted or coated or otherwise £y)plied on fiie 
UgDanddried. • 



Olfaenvise the pho^hor or phosphors can be combined with a suitable pofymer system, sudi 
10 as polypropylene^ polycarbonate, or polytetcafluoxoeth)iene, to a phosphor compositioD, 
which is then coated or applied to the LED and dried, solidifies, hardeners, or cured. The 
liquid polymer system ni£^ optionally be UV cured or zoom temperatum cured to minimize 
any heat damage to die LED. 

13 Odierwise a dear polymer lens made of suitable plastic such as polycaibonate or other rigid 
transparent plastic is molded over (be I£D. Lms may be finther coaled with antirP^Iective 
layers to &cilitate lig^ to esc^ the device. 

Although the role of phosphor grain size (mean diameter of phosphor particles) is not 
20 completely understood, weight fiaodons may dm^ depending on apaiticolar grain si^ 
Fre&rably, gcain sizes axe less than 15 Mm, andmorepEefeiably, less than 12 fim, to avoid 
clogging of devices which dispose die phosphors, hi one embodiment, the grain size of eadi 
phosphor type varies. In certain specific embodiments, die grain size of 
(Sri^rtCa!3acMgaZiOSlcNyO^B3a, wherein 0,002 S a < 0.2, 0,0 S b ^ 0.25, 0,0 ^ c S 0.25, 
25 0.0 5 d S 0.25. 0.0 S e ^ 025, L5 S x S 2.5, 1.5 ^ y ^ 2.5 and 1 .5 < z < 2 J is less than 
about 1 Q^m. Odier devices, however^ can be prepared with larjger grain sizes. 



AWirtngTi unabtoTfagii H^t emitted fiom the LED contribuiBS to color renderinfe unabsorbed . 
li^ can somet!Tyfc»> *y«qp^- wfatinut mi^ging wife lig^ emitiBd flom the phosphors, resulting in a 
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leduced ovetall eSdemy of the device. Thus, ia om embodimeat, &e LED mi composition 
ate positioned within a xeftectsor oiqp. A reflector cap can be any depression or recess 

* pgpan^ ^Vn a reflftftirg material, By poaitioning tfie LED and phosphor partidfig in a 
reflector cc^, unabsoAed/iamnixedLED-raiitled li^ can be reflected ei&er badcto die 
5 phoqihoor parddes to eventually be absod>ed, or mixed widili^t emitted fiom liie phosphozs. 

The function and advantage of diese and oth^ etnbodiments of the preset invcDtion win be 
moie fully understood fiom ffaie exan^Ies below. The following examples are intended to 
illustrate the benefits of the present imrentiozi, but do not exemplify the fiiU scope of the 
10 invention. 

Pxample 1; 

Prenaration of Sr<y,iii^Si>N>0^jBife.fld 

208.9 g (1.415 mol) SiCQs is mbced with 123 g (0.0S9 mol) fioFa and 206.8 g (4.423 mol) 
15 SbN4 (noin. 9i%pmty) in diy etfaanol und^aigon. The edianol ia evaporated in a stream of 
azgon and die dried powd^ mixture is &en ftied atl400°CfiHrlhrinan Jh/tfi atmosphere ov^ 
charcoal in a tungstm boat After milQng the powder is fired at ISOO^C for 1 hrinanH/N^ 
atmosphere, milled and washed widi water several thnes. 

20 Examples 

White LED comprising Si^.96Si2Na02:Euo.c4 and Sr2Si$Ng:Eu 

A phosphor blend comprising Sib j6Si!N202*JBuo.o4 and SraSkNadBu is sospencted in silicone 
monomer oil and a droplet of the suspension is deposited onto an IhGaN die. A catalyst is 
added to flie silicone monomer to start die polymeiization process^ resiildng in ha r deni ng of 
25 die silicone. Finally, die LED is sealed widi aplastic c^. 
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ExampteS 

^WMte LED conqjrising Sro.96SiiN202*-Euo.o4 and SxS:Bu 

A phosphor blend compzi^ing Sro.96Si2N2O2fuo.Q4 and SxS:Eu is suspended in silicone 
' monomer oil and a dioplet of ttie suspen^on deposited onto an hxGdN die, A catalyst is 
5 added to the silicone monomer to start the polymerization process, resulting in hardening of 
the siUcone. Fhially, the IJBD is sealed w 

BxBnttple4 

White IJBD compiling Sro.96Sj^^ 
10 A phosphor blend ooniprishig Sro.96SU:f 202^00.04 and CaS*JBu is suspended in silicone* 
monomer oil and a droplet of Ae su$pen3xon is deposited onto an BiGaN die. A catalyst is 
added to die silicone monomer to start thd polymerization process, resulting in hardening of 
the silicone. Finally, die LED is sealed with a plasdc cap. 
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CLAIMS 



1 . A li^t CTiiQing dsivice comprisiug a li^t emitting staictiae ce^hte of enoitticg pninaxy light 
of a wsrelength less then 480 nm and a luminescent screen compiisiQg a phosphor of general 
formula (Sri^CabBaJMsiZ0e5)SiiNyO2-JBn, wherein 0.002 < a < 0.2, 0,0 £ b S 0.25, 0,0 S o 
£ 0.25, 0.0 < d ^ 0.25, 0,0 S e S 0.25, 1 ,5 ^ x < 2.5, 1 .5 S y < 2.5 ajxd X.5 < z < 2.5. 

5 

2. The ligibt emittiDg device accocding to daim 1, wberefai the emitting stni^^ c^yablo of 
emittiqg pdmaiy li^ of a i^^lenglfa 

3. The lig^-eoiiixing device acooiding to 
10 emittipgLED. 

4. The light-emitting device according to claim 1, wherein the phosphor is comprised in a Ihin 
film layer. 

15 5. The li^ emitting device according to claim 1, whetein the luminescent soeen comprises a 
gjcem phosphor of general fiumula (Sru^CabBaoMgiZ23Q)SiNy02£i:ib. wlierein 0,002 < a £ 
0.2, 0.0 S b £ 0.25» 0,0 S 0 £ 0^5, 0.0 < d S 0.25, 0.0 2 e £ 0.25, 1 .5 £ x £ 2.5, 1.5 y £ 
2.5 and 1.5 < z < 2.5 and a red phosphor. 

- 20 6» The li^teinitdng device aoooiding to claim 5,* wfae^ 

flie group of (Sri-3i,yBaxCay)S£u wherein 0<x<l and 0Sy<l; CaS:Ce,Cl; 

LfeSr SiOadEu; (Sri^Ca«)Si04£u vvteein 0<x<l; (yi.xGdK)3(AIi^Gay)50i2:Ce wherein 

0^<1 and 02y<l and (Sri^BaxCay)2S|5N8£u wherdn 0^<1 and 0£y<L 
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7. tlie ]j^-«niittiDg derviM acco^^ 

8. A luminescent soeezL €oinprisiDg a pliosphor 

5 (Sri*fcCabBacM&ZnB)SiNyOzd&*., wherein 0,002 < a < 0.2, 0.0 S b S 0.25, 0.0 ^ o ^ 
0.25. 0.0 S d S 0.25, 0.0 S e £ 0J25 , 1.5 ^ x S 2.5, 1.5 ^ y 5 2.5 and 1.5 < z < 2.5. 

9. A pbosphor of gensEal fiamula (Sn««CabBacMgiZD0SiNyO>^ vribeiein 0.002 £ a £ 
0.2. 0.0 S b S 0.25, 0.0 ^ c S 0.25, 0.0 ^ d i 0.25, 0.0 S e i 0.25, 1.5 S x 5 2.5. 1.5 ^ y S 

10 2.5 and 1.5 <z< 2.5. 

10. A phosphor accarding to claim 9, 

wherein 1.9 S 2.1, 1,9 £ y S 2.1 and 1.9 < z < 2.1. 

15 1 1. Apbosfdior according to daim 9; 
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ABSTRACT 

UGHT-EMrTTING DEVICE COMPRISING AN EU(II).ACTIYATED PHOSPHOR 

The iiwcation conceals a lig^e^ 
onaMngpdinaiyJ^itofaTOvdeoggile^ 

phosphor of geooal fiunmb ^)«6CabBaJM^iiZaiOSiJ^yO«^ wherem 0.0Q2 ^ a £ 0.2, 0;0 
£ b ^ 0.2S, 0.0 S 0 £ 0.2S, 0.0 £ d £ 0.25» 0.0 £ e £ 0.25, 1 .5 £ X £ 2.5, 1.5 £ y £ 2.S and 
1.5<z<2.5. 

The inveafiQn also concecos a hsninescent soeea comprisiDg a phosphor of geoeial foiznula 
(Sr]^CabBa«Ma2^SikNyO«-^ wherem 0.002 < a £ 0.2, 0.0 £ b £ 025, 0.0 £ c £ 0.25, 
0.0 £ d £ 0.25, 0.0 £ e £ 0.25, 1.5 £ x £ 2.5, 1.5 £ y £ 2.5 and 1.5 < z < 2.5. 

llie Jiivaatian also concerns a idwsidbuv of geoe^ 

(Sri«i,Cai3a»MsiZDiOSiJNryO!45ib. wherehi 0.002 £ a £ 0.2, 0.0 £ b £ 0.25. 0.0 £ c £ 
0.25, 0.0 £ d £ 0.25. 0.0 £ e £ 0.25. 1.5 £ x £ 2.5, 1.5 £ y £ 2,5 and 1.5 < z < 2.5. 
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FIG. 1 
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FIG. 2 
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